Originally described in 1964, lipomatous hypertrophy of the atrial septum currently remains a diagnosis established primarily at autopsy. Clinical interest in this disorder has centered on the reported association with supraventricular arrhythmias and sudden death. Because two-dimensional echocardiography allowsdetailed assessment of atrial septal configuration, we reviewed two-dimensional echocardiographic reports obtained over a 1 year period and identified 17 patients who had features consistent with lipomatous hypertrophy of the atrial septum. Nine were men and the average age was 70 years. Autopsy confirmation of the echographic findings was possible in one patient. In nine patients, ideal body weight was exceeded by 10% or more. The atrial septum Lipomatous hypertrophy of the atrial septum was initially described by Prior in 1964 (1). Many cases have been reported subsequently but almost exclusively from autopsy studies (2) (3) (4) (5) . Clinical interest in this excessive accumulation of fat in the atrial septum has centered on reports of association with supraventricular arrhythmias and sudden death. Two-dimensional echocardiography would appear to be the technique of choice for recognizing this histologically benign cardiac mass in vivo. We report on 17 patients who have characteristic echocardiographic findings consistent with lipomatous hypertrophy of the atrial septum. Pathologic correlation from a postmortem examination in one patient is included.
Methods
Selection of patients. We reviewed all of the two-dimensional echocardiographic reports from our laboratory viewed from the subcostal transducer position showed a distinctive echo-dense globular thickening sparing the valve of the fossa ovalis. The resultant tomographic image of the atrial septum had a characteristic dumbbell appearance. The mean thickness of the atrial septum was 21 mm (range 15 to 29). Seven patients had supraventricular arrhythmias, and eight had P wave abnormalities.
The two-dimensional echocardiographic features described are distinctive and suggest that this technique is the procedure of choice not only for establishing the diagnosis of lipomatous hypertrophy of the atrial septum but also for providing a means for prospective followup of patients with this little known entity. over a recent I year period to identify patients who had a thickened atrial septum. Video records were reexamined and patients with an inordinately thickened atrial septum (> 15 mm) consistent with the pathologic descriptions of lipomatous hypertrophy of the atrial septum (1,2,4) were identified. The thickness of the atrial septum in each case was measured from images obtained with the transducer in the subcostal position (6) and the ultrasound beam directed through the valve of the fossa ovalis. Autopsy records for this same period were examined to identify any patients who had both lipomatous hypertrophy of the atrial septum and a twodimensional echocardiographic examination before death.
Medical histories were reviewed, and particular attention was paid to any evidence of an arrhythmia. Electrocardiograms and available Holter monitor recordings were also reviewed. The autopsy specimen from a patient with lipomatous hypertrophy of the atrial septum was studied for comparison with a two-dimensional echocardiogram obtained before death.
Results
Study patients. We identified 17 patients who had twodimensional echocardiographic findings consistent with li-0735-1097/83/0501352-6$03 .00 pomatou s hypertrophy of the atrial septum (Table 1) . Case I was identified at postmortem examination , and this patient's echocardiogram was reviewed retrospectively. The 16 other patient s were initially identified echocardiographically; no pathologic correlation was available in these patients. Table I summarizes pertinent clinical, electroc ardiographic and echocardiographic data . There were nine men and eight women (average age 70 years, range 53 to 85) . Nine were over the ideal body weight by at least 10%, including three who exceeded ideal weight by more than 20%.
Echocardiographic findings. The atrial septum of these patient s, when visualized by two-dim ensional echocardiography , particularly from the subcostal position with the beam traver sing the region of the fossa ovalis, showed echo-dense globular thickening posterosuperior or anteroinferior to the membrane of the fossa ovalis ( Fig. I and 2 ). The average maximal thickne ss of the atrial septum posterosuperior to the fossa oval is was 21 mm (range 15 to 29); that anteroinferior to the fossa ovalis was 20 mm (range 13 to 25) .
Electrocardiographic findings. Electrocardiograms dur-
ing sinus rhythm were available for all patients except one (Case 15) who had long-standin g atrial fibrillation and mitral stenosis. P wave abnormalities, which occurred in eight patients, included amplitud e exceeding 2.5 mm in standard lead II (Cases 7 and 10), duration greaterthan 100 ms (Cases 4, 9 , 10, II and 16), notchin g (Case 16) and a " dome and dip" configuration in the inferior leads as described by Hutter and Page (5) (Table I) . Autopsy. The heart of Patient 1 showed pronounced fat infiltration of the atrial septum characteristic of lipomatous hypertrophy of the atrial septum (Fig. 4A) . The heart weight was increased to 475 g as a result, primarily, of extensive epicardial fat. The maximal thickness of the atrial septum, which was 16 mm, occurred in the region posterosuperior to the fossa ovalis.
Discussion
Pathologic features. Lipomatous hypertrophy of the atrial septum is characterized by an accumulation of excessive adipose tissue in the atrial septum that produces globular thickening of this structure. This mass of adipose tissue commonly bulges into the right atrial cavity. In one large group of patients with lipomatous hypertropy of the atrial septum (4), the septum varied in maximal thickness from 10 to 80 mm. Fatty accumulation occurs throughout the blade-shaped atrial septum, or limbus of the fossa ovalis, the anatomy of which has been described by Rosenquist, Sweeney, and their associates (7, 8) . The mass may appear bilobed grossly and echocardiographically because the central membrane of the fossa ovalis is always spared (Fig. 5) .
Unlike epicardial fat, the tissue in lipomatous hypertrophy of the atrial septum is brown-tinged and firm. Microscopically, the mass is neither encapsulated nor homogeneous and, therefore, is not a true cardiac lipoma. The myocardial fibers of the septum are infiltrated with mature adipose cells admixed with a variable number of granular or vacuolated fetal fat cells, considered by some to be the histologic hallmark of lipomatous hypertrophy of the atrial septum (4). The myocardial cells are entrapped in the mass and may demonstrate hypertrophic, atrophic or degenerative changes. Fibrous tissue and islands of inflammatory cells also may occur. Because this process is proliferative rather than truly hypertrophic, perhaps the term "lipomatous hyperplasia of the atrial septum" would be more accurate than "lipomatous hypertrophy." findings in a patient with probable lipomatous hypertrophy of the atrial septum, this entity had never been described in vivo. Some authors (4,9) did suggest that the lesion might be recognized echocardiographically. The echocardiographic features in our 17 patients are consistent with the reported gross and microscopic characteristics of lipomatous hypertrophy of the atrial septum just discussed. The atrial septum may appear bilobed or dumbbell-shaped because the globular thickening of the limbus spares the valve, or central membrane, of the fossa ovalis. Figure 5 illustrates how this occurs when the tomographic plane of the ultrasound beam directed from the subcostal position cuts the thickened atrial septum through the valve. Ifthe transducer is angled so that the plane of the ultrasound beam transects the septum at a point more anterior and superior to the fossa, the septum appears thickened throughout, as is illustrated by Case I (Fig. 4B) . Although Isner et al. (9) hypothesized that these masses might be echolucent because of the echolucency of fat, the septum, on the contrary, was quite refractile in our patients. This probably reflects the nonhomogeneous composition of these masses.
Relation to arrhythmias. Consistent with previous studies
(1,2,4,5), we found this abnormality distributed among older patients (mean age 70 years) of both sexes. A slight majority of patients were obese (53%); but as observed by others (4), we found lipomatous hypertrophy of the atrial septum in persons with normal body habitus. The frequent occurrence of supraventricular arrhythmias (47%) is consistent with the contention that lipomatous hypertrophy of the atrial septum may predispose patients to this problem. However, these
Guidelines for making echocardiographic diagnosis. As more attention is paid to this entity by echocardiographers, criteria for the diagnosis of lipomatous hypertrophy of the atrial septum must be established, Unfortunately, pathologic correlation will be too infrequent to provide such criteria in the near future. Rosenquist et al. (7) recently studied the atrial septum in a series of normal hearts from 54 older children and adults. They observed that maximal septal thickness occurs above the fossa ovalis. The average atrial septal thickness in this region was 3.4 mm and ranged from approximately 1,5 to 6.0 mm in their specimens. Page (2) , in a review of 50 unselected hearts from adults, found a wider range in atrial septal thickness. He noted that the average thickness increased with age as a result of fat accumulation. In the 32 patients in his study between the ages of 61 and 90 years, the average maximal septal thickness was 12.5 mm (range 2 to 25).
On the basis ofthese studies and the published pathologic descriptions oflipomatous hypertrophy of the atrial septum. we have developed the following guidelines for making this diagnosis echocardiographically: 1) the presence of the characteristic bilobed appearance of the atrial septum when the beam is directed through the region of the fossa ovalis ( Fig. 1 and 2) ; 2) a thickness posterosuperior or anteroinferior to the valve of the fossa ovalis of 15 mm or more; and 3) the absence of any other, more likely, explanation for septal thickening (for example, amyloid heart disease or known intracardiac metastasis). The presence of P wave abnormalities such as increased voltage or duration, notching or a "dome and dip" configuration supports the diagnosis.
We believe that the measurement of atrial septal thickness is done optimally with the transducer in the subcostal po- Figure 5 . Schematic illustration of a heart with the right atrium opened to reveal a bulging atrial septum as seen in lipomatous hypertrophy of the atrial septum. A plane transects the heart, as would the ultrasound beam directed from the subcostal position; the corresponding schematic two-dimensional echocardiographic image is depicted at the right. Ao = aorta; FO = fossa ovalis; Ive = inferiorvena cava; LA = left atrium; LV = left ventricle; PT = pulmonary trunk;RA = right atrium; RV = right ventricle; sve = superior vena cava.
sition. The beam is directed perpendicular to the septum so that measurement relies on axial resolution, which is superior to the lateral resolution that is most important from the apical position, for example. Some overestimation of the actual anatomic dimensions is introduced by beam angulation that deviates from the perpendicular; however, this error should be small. Care must be exercised to avoid excessive or inadequate gain settings that artifactually alter borders of the images.
Clinical implications. The clinical importance of echocardiographic observation of lipomatous hypertrophy of the atrial septum is as yet unclear. Echocardiographers should become familiar with the rather characteristic appearance to prevent misdiagnosis of these cardiac masses as myxomas, thrombi or metastases. In some patients, this finding may provide an explanation for supraventricular arrhythmias for which no other causes are found. In asymptomatic cases, its significance will be discovered only by long-term followup. Further echocardiographic and pathologic correlation will be helpful in refining the echocardiographic criteria for the diagnosis of lipomatous hypertrophy of the atrial septum.
